A simple mechanical power formula was devised for both peak and average power using a countermovement jump and reach test from a force platform . College athletes (49 F, 69 M) were measured for height, weight, thigh circumference, thigh skinfold, thigh length, and foreleg length . A Vertec was used to measure vertical jump height, and the force platform was used to help determine power output . Eight anthropometric measurements, vertical jump height, and gender were used in a stepwise multiple regression to develop the prediction equations . Gender was not significant (p > 0 .05) and therefore was not loaded into either equation . Estimated and actual peak power values were 4,707 ± 1,511 and 4,687 ± 1,612 watts, respectively Estimated average and actual average power values were 2,547 ± 760 and 2,463 ± 753 watts, respectively. Vertical jump height, mass, and body height were the significant variables selected by the stepwise multiple regression to predict both peak and average mechanical power, accounting for 91 and 82% of the variance in peak and average power output, respectively. This indicates they are good predictors of peak and average power output in college athletes .
Introduction
The vertical jump test is one of the most popular ways to assess power output . But an accurate determination of power output requires force platforms and/or high speed film analysis . Most high schools and colleges do not have such sophisticated pieces of equipment . One of the most popular power prediction equations used with the vertical jump is the Lewis formula (11) : P = S Q R T ( 4 . 9 ) x B M x S Q R T ( h ) ( 1 ) I where BM is the body mass in kg and hj is the vertical jump height in meters . The Lewis formula was developed to obtain a true measure of power output, where body weight and jump speed were taken into consideration . It is relatively simple to administer and requires little equipment . However, Harman et al . (10) discovered that the Lewis formula has several flaws : (a) it does not use standard units of power ; (b) it does not take gravity into consideration ; and (c) it does not state whether it measures peak or average power. Harman et al . found that the Lewis formula only predicts the average power of a jumper as he or she falls back to the ground . Harman et al . (10) and Garhammer (8) have stated that the Lewis formula is inaccurate .
Harman et al . (10) developed prediction equations for peak and average power but performed two separate jump tests, one on a force platform and the other off the force platform . Also, Harman et al . (9, 10) used very few subjects to develop the equations . Garhammer (7) modified the Lewis formula for each gender but did not state the accuracy of their method and only tested 13 subjects . There has not been a simple formula developed using the results from a countermovement jump and reach test from a force platform . Also, though there are gender differences in power output, gender has never been used as a variable to predict power (12, 15) .
The purpose of this study was to devise a simple mechanical power formula for both peak and average power using the countermovement jump and reach test in college male and female athletes .
Methods
Subjects Subjects were 69 male college athletes (13 baseball, 23 football, 12 tennis, 8 track & field, and 13 volleyball players) and 49 female college athletes (10 basketball, 13 softball, 7 tennis, 12 track & field, and 7 volleyball players) . Anthropometric measurements taken were height, body mass, thigh skinfold, thigh circumference, thigh length, and foreleg length, all leg measurements taken from the right leg .
Procedures
The vertical jump test employed a Kistler force platform (sampling rate 500 Hz) interfaced with a Zenith microcomputer that used the Fadap (Fadap, Inc ., Indianapolis) computer program to collect force platform data . Jump height was measured with a Vertec jump training apparatus . Once reach height was determined with the dominant arm, the subject performed a vertical countermovement jump with an arm swing and touched the highest lever possible with the dominant arm . Arm movements and depth of knee flexion (countermovement) were self-determined . No jab step or preparatory 161 run was permitted . Vertical jump height was the difference between the reach height and the highest point touched during the jump .
Subjects were allowed 10 min to warm up and stretch prior to testing . They performed 3 practice jumps followed by 3 test jumps . The jumps were measured to the nearest 1/2 inch on the Vertec and were converted to centimeters . The height of the best vertical jump test was used for the power regression equation . Vertical velocity (Vz) and vertical jump power (VJP) output were determined from the parameters obtained from the Kistler force platform . The change in vertical velocity (AVz) was calculated using Equation 2 :
where Fnz was equal to the force Fz obtained from the force platform minus the subject's body weight, t was the time interval and was equal to 0 .002 sec, and m was the body mass . This equation gave the net vertical force that created the change in Vz . Net Vz was determined by adding AVz to Vz at the start of each time interval . Vertical velocity was calculated from the first positive force value equal to body weight following the countermovement jump to takeoff .
A FORTRAN computer program was used to calculate mechanical power from the force platform data . VJP was the product of vertical force Fz times vertical velocity Vz, VJP = F, -Vz . Peak and average VJP were calculated over a period from the beginning of the jump to the takeoff. Peak VJP was the highest positive instantaneous power output value achieved ; average VJP was calculated by computing the area under the positive instantaneous power output curve achieved during the jump .
Statistical Procedures
Peak and average mechanical power prediction equations were calculated using the force platform results as the dependent variable . Multiple regression analysis employed gender, subject height, vertical jump height, body mass, thigh girth, thigh skinfold, thigh girth/ skinfold ratio, thigh length, foreleg length, and thigh/ foreleg length ratio as independent variables . Thirty subjects were picked at random and withheld from the development of the regression equation to be used as a cross-validation group to determine prediction accuracy . The remaining 88 subjects were used in the development of a stepwise multiple regression equation with no forced variables for both peak and average mechanical power .
T tests for dependent means were used to examine the differences between predicted and actual mechanical power in the cross-validation group . If no significant differences were found between predicted and actual power values, the validation and cross-validation group's results were combined to develop a more accurate stepwise regression equation for both peak and average mechanical power . Two models were developed, oped, a full-model multiple regression using all the variables tested and the best model . The latter was a stepwise regression procedure that obtained the best prediction results with a minimum amount of variables . Also, if gender turned out to be a significant variable, separate regression equations would be developed and compared .
Results
Figures 1, 2, and 3 show the plots of the power vs . force, power vs . velocity, and force vs . velocity representative of one subject's performance . Descriptive statistics for the subjects are presented in Tables I and 2 . No significant differences were found between the cross-validation and the validation group for any of the variables (see Table 1 ) . In contrast, significant differences were found between genders for all variables except thigh length ( Table 2) .
There were no significant differences (p > 0 .05) in the cross-validation group between actual and pre- These equations accounted for 91 and 82% of the variance for peak and average power output . As suggested by Pedhazur (16) , once the regression equations were validated, the cross-validation and validation groups were combined and the equations reported afterward were derived from the entire sample (N = 118) .
Prediction of Peak Mechanical Power
The results of the analysis for predicting peak mechanical power are listed in 
Prediction o f Average Mechanical Power
The results of the analysis for predicting average mechanical power are listed in Table 4 . Vertical jump height, F(1,116) = 155 .9; body mass, F(1,116) = 59 .7; and height, F(1,116) = 9 .6, were the only significant variables (F = 4 .0 , p < 0 .05) selected to predict average mechanical power . 
Discussion
Power prediction equations were developed to estimate peak and average mechanical power output in athletes . Both equations had strong correlations with actual peak and average power. However, the hypothesis that gender would be a significant predictor of both peak and average mechanical power after adjusting for other predictor variables in a multiple regression model was not supported in this study. Many athletic and work activities involve jumping or movements that simulate jumping, such as lifting objects dynamically. Jump tests are relevant because of the commonality of the jumping motion in various activities . Previous studies (1, 14, 15) have found that correlations between VJ height and VJP using the Lewis formula were significant but low . Despite the low correlations, Dowling and Vamos (5) found that maximum positive power had a correlation coefficient of r = 0 .93
with VJ height . Instead of using a prediction equation, maximum power was determined by the subject doing a VJ from a force platform . In the present . study VJ height was the first variable selected by the stepwise multiple regression procedure for both peak and average mechanical power . It accounted for 80 and 72% of the variance at Step 1 for peak and average mechanical power, respectively . Vertical jump height had a correlation of r = 0 .88 with peak power and r = 0 .82 with average power. The strong correlation is due to the components needed to achieve the height in a vertical jump . VJ height depends on the vertical ground reaction force and takeoff velocity generated . The product of these two variables is mechanical power.
In this study, vertical jump height and actual peak and average mechanical power were determined from the same jump on a force platform . When Harman et al . (10) developed their power prediction equation, two squat jumps were performed, one using a force platform and the other to determine VJ height .
In this study we employed the countermovement jump (CMJ) instead of the squat jump because it produces greater power (2, 9) and we felt it was a more natural movement for the subjects to perform (10) . Vertical jump height can be improved by using an arm swing and a countermovement before the jump . Harman et al . (9) found that the arm swing increased velocity, vertical center of mass displacement, and power output in the vertical jump . Previous studies (2, 3, 6, 9) have shown improved utilization of elastic energy, increased takeoff velocity, increased. vertical center of mass displacement, and increased power output using a CMJ over a squat jump . Thus it is understandable why the VJ height from the CMJ is a good indicator of VJP.
Body mass was loaded at Step 2 in the stepwise multiple regression equations for both peak and average mechanical power. It accounted for 11 and 9% of the variance for peak and average mechanical power, respectively. Various studies (1, 4, (13) (14) (15) found strong correlations between body mass and VJP. Mayhew (13) classified the VJP test as a mass-power test, which emphasizes the ability to move the body mass with power .
One of the two variables that determine VJ height is the vertical ground reaction force . The amount of force needed in a VJ depends on the subject's mass . The greater the force-output-to-body-mass ratio, the greater the VJ height, and therefore the greater the resulting power output. The heavier person must produce more power to achieve a VJ height equal to that of a lighter person . Body mass in conjunction with VJ height are good indicators of the vertical ground reaction force being exerted to lift the individual . Thus it is not surprising that body mass was the second variable selected by the multiple regression procedure .
Body height was the third and final significant variable chosen by the stepwise multiple regression procedure to be used in both mechanical power equations . It accounted for less than 2% of the variance for both peak and average mechanical power. Height was found to be statis- (15) found correlations of r = 0 .32 and 0 .13, respectively, for males . Mayhew et al . (14) and Beckenholdt and Mayhew (1) reported correlations of r = 0 .61 and 0 .32, respectively, for females . The zeroorder correlations of height to power output would indicate that taller persons produce greater power . However, in the regression equation the coefficients were negative, indicating that when VJ height and mass were partialed out, the effect of height became negative. Thus the taller subjects would be expected to generate less power than the shorter subjects . One possible explanation may be that during a vertical jump taller persons tend to go through a greater range of motion at a slower velocity, which takes more time . This would tend to decrease the takeoff velocity, in turn decreasing the power output.
Although height was a significant variable loaded in both equations, it did not produce significant changes in the percentage of variance accounted nor to the standard error of estimate (SEE) of both equations . With height loaded after VJ height and body mass, the percentage of the variance accounted for increased by 0 .4% for peak mechanical power and 1 .72% for average mechanical power. Also, the SEE was only reduced by ±11 and ±12 watts, respectively, in peak and average mechanical power stepwise regression equations .
There were significant differences (p < 0 .05) for both peak and average mechanical power, respectively, between men (5,782 ± 1,123 and 3,037 ± 638) and women (3,285 ± 563 and 1,828 ± 351) ( Table 2 ) . When the gender variable was forced first in the stepwise multiple regression equation, it produced an adjusted RI value of 0 .64 for peak power and 0 .55 for average power. But after holding VJ height, body mass, and height constant by partial correlations, the effect of gender on peak and average mechanical power was nonsignificant (r = -0 .014 and -0 .001, respectively) .
The results cannot be interpreted to mean there are no differences between men and women in mechanical power production, but rather that gender was not a significant variable in helping to improve the accuracy of predicting mechanical power output using our regression equation. Perhaps the difference between genders Power Output Estimate in power production is more a function of size and strength rather than a male/female difference .
Other studies have found significant differences in power output between genders (12, 15) 
Practical Application
Because VJ, body mass, and body height are relatively simple to measure and require little equipment, these prediction equations can be useful to physical educators, coaches, athletic trainers, athletes, and other fitness specialists . They can be used to monitor athletic performance, analyze injury rehabilitation, and aid in team selection .
